I. INTRODUCTION
Recently, CERN announced an exceptional new discovery that was made by the LHCb, which unveiled five new states all at once [1] . Each of the five particles were found to be the excited states of Ω 0 c , a particle with three quarks, css. These particle states are named, according to the standard convention, Ω c (3000) 0 , Ω c (3050) 0 , Ω c (3066) 0 , Ω c (3090) 0 and Ω c (3119) 0 . Just after the announcement, the theoretical interpretations were proposed. S. S. Agaev et al. interpreted two of these excited charmed baryons (Ω c (3066) 0 and Ω c (3119) 0 ) as the first radial excitation with (2S, 1/2 + ) and (2S, 3/2 + ), respectively in QCD sum rules [2] . The same conclusion is proposed by H. X. Chen et al. [3] in studying the decay properties of P -wave charmed baryons from light-cone QCD sum rules, besides they also suggest that one of these Ω 0 c states (Ω c (3000) 0 , Ω c (3050) 0 or Ω c (3066) 0 ) as a J P = 1/2 − state, the rest two states is with J P = 3/2 − and J P = 5/2 − . In Ref. [4] , Karliner and Rosner suggested that the parity was negative for all of the five states, two J P = 1/2 − states (Ω c (3000) 0 and Ω c (3050) 0 ), two J P = 3/2 − states (Ω c (3066) 0 and Ω c (3090) 0 ), and the last one is Ω c (3119) 0 J P = 5/2 − . These exciting announcements and the theoretical work along with the pentaquarks P + c discovered also by the LHCb Collaboration in 2015 [5] have bring us lots of peculiar understanding to the world of microcosmic particles.
The quantum numbers of these new particles are not determined for the moment, and the explanation of them as the excited states of q 3 baryon is reasonable. However, the possibility of the multi-quark candidates of these excited states cannot be excluded. The ground states of Ω c have been observed experimentally, Ω c (2695) 0 with It is expected that the 5-q components will play a role in these Ω c 's. In Ref. [27] , spectrum of lowlying pentaquark states with strangeness S = −3 and negative parity is studied in three kinds of constituent quark models. The results indicate that the lowest energy state Ω * is around 1.8 GeV, which is about 200 MeV lower than predictions of various quenched three quarks models, and the energy cost to excite ground state of Ω to a 5-quark state is less than that to an orbital excitation.
The interesting in pentaquark is revived after the observation of the exotic hadrons, P − p by the LHCb Collaboration lately [5] , there are a lots of theoretical calculations have been performed to investigate these two exotic states [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , even though the Θ + (1540) pentaquark was reported by several experimental groups [17] [18] [19] in 2003 and has been denied by JLab with more higher precision results [20] (LEPS Collaboration still insisted on the existence of pentaquark Θ + (1540) [21] ). Besides, it is shown that there should be notable five-quark components in the baryon resonances [22] [23] [24] . In addition, the valence-sea quark mixing (Fock space expansion) model (q 3 + q 3 qq) of nucleon ground state had been used to explain the mysterious proton spin structure well [25] . Such a sea quark excitation model had also been used to show that the q 3excitation is more favorable than the p-wave excitation in q 3 configuration for 1/2 − baryons [26] . Quark model is the most common approach to multiquark system. With the recent experimental data on multi-quark states and the development of quark model, It is expected to perform a serious calculation of multiquark state in the framework of quark model. In the present work, the chiral quark model (ChQM) is employed to study the pentaquark states Ω 0 c . To find the structure of the pentaquark states, a general, powerful method of few-body system, gaussian expansion method (GEM) [28] is used to do the calculation. The GEM has been successfully applied to many few-body systems, light nuclei, hyper-nuclei, hadron physics and so on [28] . It suits for both of compact multi-quark systems and loosely bound molecular states. In this approach, the four relative orbital motions of the system are expanded by gaussians with various widths. By taking into account of all the possible couplings for color-flavor-spin degrees of freedom, the structure of the system determined by its dynamics can be found.
The structure of the paper is as follows. In section II the quark model, wave-functions and calculation method is presented. Section III is devoted to the calculated results and discussions. A brief summary is given in the last section.
II. MODEL AND WAVE FUNCTION
The chiral quark model has achieved a success both in describing the hadron spectra and hadron-hadron interaction. In this model, the constituent quark and antiquark interact with each other through the Goldstone boson exchange and the effective one-gluon-exchange, in addition to the phenomenological color confinement. Besides, the scalar nonet (the extension of chiral partner σ-meson) exchange are also introduced. The details of the model can be found in Ref. [29] . So the Hamiltonian in the present calculation takes the form
All the symbols take their usual meanings. µ is the reduced mass of two interacting quarks. To simplify the calculation, only the central parts of the interactions are employed in the present work to consider the ground state of multi-quark system. The model parameters are fixed by fitting the spectrum of baryons and mesons and their values are listed in Table I , the calculated masses of baryons and mesons are shown in Table II . There are two sets of parameters are given, the fixed quark-gluon coupling constant is used in the set I, the set II has the running coupling constants which are given as
.
It is worth to mention that the above quark-quark interaction is assumed to be universal according to the "Casimir scaling" [30] , it can be applied to the multiquark system directly. The possible multi-body interaction in the multiquark system is not considered, although it may give different spectra of multiquark states [31] .
From Table II , we can see that the masses of P -wave Ω c 's are higher than 3200 MeV although the mass of Pwave nucleon is close the experimental value (for the set I). The parameters of set II is used to check the dependence of the results on the model parameters. The results show that the P -wave baryons have rather large masses, comparing with the experimental data. So it is still difficult to have a good description of the negative parity states of baryons in the quark model. In the following, we use set I parameters to study the 5-quark states.
The wavefunctions for the system are constructed just as the way in Ref. [6] . Here only the wavefunctions of each degree of freedom for five-quark system and parts of the sub-clusters of three-quark and quark-antiquark are listed. One need to notice that there are many different ways to construct the wave-functions of the system. However, it makes no difference by choosing any one configuration if all the possible coupling are considered. . In a similar way, the spin and color wavefunctions for 5-quark system can be constructed, which are the same as the expressions of Ref. [6] . Here we only give the expressions of 5-quark system, the wavefunctions for the sub-clusters can be found in Ref. [6] . 
with k = 2, 3. For the color part, both the color singlet channels (k = 1) and the hidden color channels (k = 2, 3), are considered here to have an economic way to describe multi-quark system [6] . For the orbital wavefunctions, there are four relative motions for 5-body system. In the present work, the orbital wavefunctions for each relative motion of the system are determined by the dynamics of the system, The orbital wavefunctions for this purpose is written as follows,
where the Jacobi coordinates are defined as,
To find the orbital wavefunctions, the gaussian expansion method (GEM) is employed, i.e., every φ is expanded by gaussians with various sizes [28] φ nlm (r) = nmax n=1 c n N nl r l e −(r/rn)
where N nl is the normalization constant,
The size parameters of gaussians r n are taken as the geometric progression numbers r n = r 1 a n−1 .
c n is the variational parameters, which is determined by the dynamics of the system. Finally, the complete channel wave function for the 5-quark system is written as
where A is the antisymmetry operator of the system. In the flavor SU(3) case, it has six terms for the system with three identical particles and it can be reduced to three terms, as follows, due to the symmetry between first two particles has been considered when constructing the wavefunctions of the 3-quark clusters. For the two types of separations, 1-(uss)(ūc) + (dss)(dc), (sss)(sc), 2-(ssc)(ūu +dd), (ssc)(ss), we have the following antisymmetric operators,
The eigen-energy of the system is obtained by solving the following eigen-equation
by using variational principle. The eigen functions Ψ JM are the linear combination of the above channel wavefunctions Eq. (14) . In evaluating the matrix elements of hamiltonian, the calculation is rather complicated, if the orbital angular momenta of relative motions of system are not all zero. Here a useful method named the infinitesimally-shifted gaussian are used [28] . In this method, the spherical harmonic function is absorbed into the shifted gaussians,
the calculation becomes easy with no tedious angularmomentum algebra required.
III. RESULTS AND DISCUSSIONS
In the present calculation, we are interested in the lowlying states of usscū, dsscd pentaquark system, so all the orbital angular momenta are set to 0. Then the parity of five-quark system with one antiquark is negative. In this way, the total angular momentum J can take values 1/2, 3/2 and 5/2. The possible channels under the consideration are listed in Tables III-V 
the theoretical thresholds in column 3 and experimental thresholds in column 5, column 4 gives the binding energies, the difference between the eigen-energies and the theoretical thresholds, E B = E − E
T heo th
. The corrected energies of the states (column 6), which are obtained by taking the sum of experimental thresholds and the binding energies. Namely, and E ′ = E B + E Exp th . Secondly, the three types of channel coupling calculations are performed. The first is the channel coupling between color-singlet and hidden-color channels with the same flavor-spin structures. The second is the coupling among all color-singlet channels with different flavor-spin structures and the last is the full coupling, including all channels for given J P . Table XI gives the spacial configurations of the states by calculating the distances between any two quarks or quark and antiquark in the full channel coupling calculation.
In the following we analyze the results in detail.
(a)
The single channel calculations show that there are weak attractions for the most channels, the exceptions are Ω c η, Ω c ω, Ω * c ω and Ξ cK . The coupling to hidden-color channels helps a little, increasing the attraction a few MeVs and pushing Ω * c ω and Ξ cK below the corresponding thresholds. So the resonances can be formed. Most of the states have higher masses compared with that of the five new excited states of Ω c . For ΞD, the second lowest state, it has the energy 3156 MeV, which is close to the highest Ω c , 3119 MeV. The lowest state Ξ cK has the energy 2949 MeV with the help of hidden-color channel coupling, which is a little smaller than the mass of the lowest excited state of Ω c , 3000 MeV. 
The situation changes a lot after coupling all the colorsinglet channels, the lowest energy we obtained is 2865 MeV. And the full channel-coupling calculation decreases the lowest energy further to 2769 MeV. Table VII shows the six lowest eigen-energies in the full-channel calculation. E ′ denotes the corrected energy,
In this way, there are many Ω c pentaquark states with
− in the quark model. To assign these states to the excited Ω c states announced by LHCb, further work is needed. The problem has to be solved is how to correct the eigen-energies from the full channel-coupling calculation.
One interesting state is Ω * c ω, the hidden-color channel has lower energy than the colorless one. It is a possible good resonance because of its color structure, although it has a rather high energy, 3497 MeV.
(b) J P = attraction for Ξ * cK . But, it introduces a large attraction for Ξ cK * , −158 MeV, a good candidate of color structure resonance to be confirmed.
All color-singlet channel-coupling calculation gives a very weak bound state with energy 3138 MeV after correction. The full channel-coupling lowered the energy further to 3067 MeV. Table IX color channels, an additional channel, Ξ * cK * , is induced out an attraction. Channel-couplings, color-singlet and full, do not produce any bound state. The D-wave Ξ-D and/or Ξ c -K scattering phase shift calculation is needed to check that the resonances, Ξ * D * and Ξ * cK * , can survive or not after the coupling. 
